We study the chiral expansion of meson masses and decay constants using a chiral Lagrangian that was constructed previously based on the hadrogenesis conjecture. The one-loop self energies of the Goldstone bosons and vector mesons are evaluated. It is illustrated that a renormalizeable effective field theory arises once specific conditions on the low-energy constants are imposed. For the case where the hadrogenesis mass gap scale Λ HG is substantially larger than the chiral symmetry breaking scale Λ χ a partial summation scheme is required. All terms proportional to (M/Λ χ ) n can be summed by a suitable renormalization, where M is the chiral and large-N c limit of the vector meson masses in QCD. The size of loop effects from vector meson degrees of freedom is illustrated for physical quarks masses. Naturally sized effects are observed that have significant impact on the chiral structure of low-energy QCD with three light flavours.
INTRODUCTION
Vector meson degrees of freedom are known to play an important role in hadron physics.
Since the seminal work of Sakurai [1] pioneering the vector-meson dominance phenomenology there is the quest how such a picture can be related to the underlying fundamental theory of strong interactions. To the best knowledge of the authors such a link to QCD has not been established so far [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] .
There is a rather successful chiral Lagrangian originally constructed by Bando and coauthors, where the vector mesons are considered as non-abelian gauge bosons properly coupled to the Goldstone bosons in compliance with the chiral Ward identities of QCD [13] [14] [15] . The challenge of such a path is the question whether the effective Lagrangian is general enough as to guarantee a systematic link to QCD as its low-energy effective field theory. Is there any power-counting principal that generalizes the Lagrangian and permits a consistent renormalization program? An alternative starting point is a chiral Lagrangian where vector meson degrees of freedom are considered as heavy fields initially [16] [17] [18] [19] [20] [21] . An infinite tower of interaction terms can readily be written down. However, it is unclear how to order this plethora of terms and how to consider the loop effects implied [9, 22] . In both approaches the challenge is caused by meson resonances that are close to the vector mesons in mass [23] [24] [25] .
Is there any rational to construct a chiral Lagrangian with vector mesons but leaving out for instance scalar and axial vector mesons? Indeed the hadrogenesis conjecture proposes such a scenario: meson resonances that are not considered as explicit degrees of freedom in the effective Lagrangian may be dynamically generated by coupled-channel dynamics based on that Lagrangian [26] [27] [28] [29] [30] [31] . While for scalar mesons such a mechanism is known since the early days of the quark model [32, 33] , only a decade ago one of the authors illustrated that chiral symmetry predicts a spectrum of axial-vector mesons as a consequence of the coupled-channel interactions of the Goldstone bosons with vector mesons [11, 28, 29, 34, 35] .
While such results support the hadrogenesis conjecture it is still an open challenge how to systematize such an approach.
Recently a possible direct link of the hadrogenesis conjecture to QCD was suggested in [12] . If chiral QCD at vanishing up, down and strange quark masses is considered in the limit of a large number of colors (N c ), an infinite tower of discrete states appears [36] . While it is established that such a tower of states exists, it is not known from first principal where the levels are located. There is no stringent reason that this spectrum resembles closely the excitation spectrum of QCD at finite quark masses and a finite number of colors N c .
Suppose that there would be a significant mass gap below some hard scale Λ HG in chiral QCD at large N c . This would permit the construction of an effective field theory description for the physics below that heavy scale Λ HG . The relevant degrees of freedom are identified with the states in the spectrum that are below that scale. A possible minimal scenario would be that those relevant degrees of freedom are the Goldstone bosons accompanied by the light vector mesons only. Based on this assumption the leading order chiral Lagrangian was constructed in [12] . The power counting is based on the assumption that M V /Λ HG ∼ Q is sufficiently small as to arrive at a convergent expansion.
While in [12] a chiral Lagrangian was constructed according to a dimensional power counting scheme in the presence of a conjectured hadrogenesis scale Λ HG , its consistency as an effective field theory remained an open issue. In particular can it be renormalized convincingly [37, 38] ? This question will be studied at the one-loop level in this work. It is well known from various quantum field theories that the quest of renormalizeability may impose stringent conditions on the form of the effective Lagrangian.
The work is organized as follows. In section 2 we recall the chiral Lagrangian as constructed in [12] . Additional terms of order Q 4 are constructed that are required for the renormalization of the one-loop contributions to the meson masses. It follows sections 3 and 4 where the one-loop contributions to the meson masses are computed and analyzed.
Explicit results on the scale dependence of the low-energy constants are derived. The importance of explicit vector meson degrees of freedom is illustrated at hand of a series of figures that detail the one-loop contributions to the meson masses. In section 5 the decay constants of the Goldstone bosons are considered. Section 6 gives a short summary and outlook.
THE CHIRAL LAGRANGIAN WITH LIGHT VECTOR-MESON FIELDS
We recall the hadrogenesis Lagrangian as introduced in [12] . A chiral SU (3) Lagrangian is readily constructed utilizing appropriate building blocks [4, [39] [40] [41] [42] [43] . 
where we include a nonet of pseudoscalar-meson fields Φ(J P = 0 − ) and a nonet of vectormeson fields in the antisymmetric tensor representation Φ µν (J P = 1 − ). The notations and conventions of [12] are used through out this work. The classical source functions r µ and l µ in (1) are linear combinations of the vector and axial-vector sources of QCD with r µ = v µ + a µ and l µ = v µ − a µ . Explicit chiral symmetry-breaking effects are included in terms of scalar and pseudoscalar source fields χ ± proportional to the quark-mass matrix of QCD
The covariant derivative D µ discriminates flavour octet from flavour singlet fields. It is identical for all matrix fields in (1) and (2)
tr (a µ ) ,
with O ∈ {U µ , Φ µν , f ± µν , χ ± } and the chiral connection Γ µ . In a covariant derivative on the singlet field H the axial source function a µ is probed only.
In the following we focus on terms established previously in [11, 12] that do not involve the flavour singlet field H. At second order the various terms can be grouped into three
where we recall the counting scheme with
counted as order one, if it is probed relative to the hadrogenesis scale Λ HG with M/Λ HG ∼ Q (see [12] ).
It is well known from various quantum field theories that the quest of renormalizeability may impose stringent conditions on the form of the effective Lagrangian. Indeed we already omitted three terms initially suggested in [12] to enter the Lagrangian at oder Q 2 . We anticipate the outcome of our study which requires that these three terms contribute at oder Q 4 only. The first term
breaks chiral symmetry explicitly. By assigning to its structure the factor M 2 it is moved from L 2 to L 4 . This implies that all vector meson masses are given by M at leading order in our counting scheme. Without such a property we do not see any path for a consistent renormalization program. The case for the other two terms Some of the low-energy parameters have been estimated before in [11, 12] with
where h P , h A , h V are the low-energy constants as introduced in [12] . The parameter f 90
MeV is the chiral limit value of the pion or kaon decay constant. The tree-level estimate for the parameter b 1 from [12] should be rejected since according to our findings it should be determined in the presence of one-loop effects. For the remaining constants g i so far no reliable estimate exists.
Since we will compute the one-loop contributions to the Goldstone boson and vector meson self energies we need to collect an appropriate set of counter terms to renormalize their scale dependent parts. According to our power counting the latter are expected to be of order four. While the Goldstone boson sector [44] is well established
this is not the case for the terms involving the light vector mesons. A complete construction of the complete fourth order Lagrangian in the presence of vector meson fields is beyond the scope of our work. Here we focus on the terms which involve two vector meson fields and at most two χ + fields. All together we have
where we do not consider corresponding terms with further number of traces at this order.
Any term that involves additional flavour traces are suppressed by the factor 1/N c at least.
In our scheme this is translated into the factor M 2 such as to transport this suppression factor into the dimensional counting rule. We further illustrate our construction principal by a partial list of Q 6 and Q 8 terms
Note that a further term with four traces is redundant as it can be generated by a suitable combination of terms presented in (12) .
For none of the dimension full parameters c i a numerical estimate is available. According to the hadrogenesis conjecture we expect for instance c
HG with Λ HG > 2 GeV for suitably renormalized low-energy parameters.
VECTOR MESON MASSES AT THE ONE-LOOP LEVEL
We begin with a collection of all tree-level expressions for the vector meson masses from
in (11) for which we find the result
where a projection of the polarization tensor on its mass component is understood. One may introduce an ω − φ mixing angle by [45, 46] ω = ω cos + φ sin , φ = φ cos − ω sin ,
In (13) we use a convention where the ω field has no strangeness content. In the transformed field ω the mixing angle is a direct measure for the latter.
While at order Q 2 the mass term contribution proportional to M 2 from L
2 in (4) does not predict a mixing of the ω and φ meson, this is no longer true once the counter terms relevant at Q 4 are considered. The leading mixing effect is induced by the parameters e 2 , b 2 and b 3 . The leading terms proportional to the square of a quark mass, c 1 and c 2 , do not induce mixing effects [47] .
We continue with a coherent documentation of the one-loop contributions to the vector meson self energies which is decomposed into a tadpole and a bubble contribution with
It is convenient to start with terms that result from two-body vertices involving two vector meson fields in (4) and (6) . Tadpole structures arise where either a Goldstone boson tadpole
V Q as introduced in (16) .
is formed. We express our result
with the tadpole function Q andĪ Q , for which it follows the infinite volume limit (17) . For the finite volume case the standard result as for instance shown in [48] should be used. Note that analogous terms in the vector meson tadpoles are not resolved in this work. Here for typical QCD lattices the finite volume effects are negligible, being suppressed by factors e −L M V with L 3 the volume of the considered box.
The coefficient matrices G
V R are detailed in Tab. I. There remain the bubble loop diagrams built in terms of the three-point vertices introduced in (5). The computation requires a further set of coupling constants G
QR that specify the strength of a three-point vertex in a given isospin projection. Like in the previous section we use P, Q ∈ [8] for the isospin multiplets of the Goldstone bosons and V, R, T ∈ [9] for the ones of the vector mesons. The corresponding coefficients are collected in Tab. II. Our result 
is expressed in terms the tadpole integralsĪ Q ,Ī P andĪ R ,Ī T and the scalar bubble functions I QP , ∆I QP , I QR , ∆I QR and I R T , ∆I R T . We specify the generic case with QR for the infinite volume limit
Corresponding expressions that hold for the scalar bubble in a finite box can be taken from [48] . The loop functions I QP and I R T follow from (19) by appropriate replacements of the masses. Explicit expressions appropriate for the finite box case can be taken from [48] .
The one-loop self energy (18) will be analyzed in the following. In particular its renormalization is scrutinized. We begin with the chiral limit of the vector meson masses. The reader may ask about the relevance of the chiral limit value, M χ , of the vector meson masses.
After all in this limit the phase space of the decay of a vector meson into pairs of Goldstone bosons is wide open and one may expect a significant decay width Γ χ . However, this is not the case. One readily obtains the expression
where the numerical estimate is obtained with M χ = 0.8 GeV and f = 92 MeV. Such a value for the decay width seems compatible with our formal counting scheme Γ χ ∼ Q 3 as compared to the scaling of the mass
We turn to the vector meson mass in the chiral limit for which we obtain
where we use M χ for the renormalized mass of the vector mesons in the chiral limit. Here (16, 18) by the leading order expression. In addition all masses of the Goldstone bosons m Q , m P → 0 are put to zero.
The unknown parameter e 1 is needed to render the vector meson masses independent of the renormalization scale. All log µ terms in (21) can be properly balanced by e 1 .
The result (21) is interesting since it gives a first hint on the importance of loop corrections to the vector meson masses. As expected the loop corrections are suppressed in the large-N c limit of QCD. This is manifest in (21) (9) we derive the estimate
which does not depend on the so far unknown low-energy parameters g n . The correction term (22) is comfortable small giving support to the assumed dimensional counting rules.
We consider a further physical quantity. The chiral limit of the ω − φ mixing parameter is renormalized with
where we replaced again all vector meson masses M V , M R , M T → M in (16, 18) by the leading order expression [49] . In addition all masses of the Goldstone bosons m Q , m P → 0 are put to zero. The parameter e 2 makes the mixing angle scale invariant. The loop correction is suppressed by 1/N c as expected from the OZI rule. Even numerically we obtain with
a small contribution to the mixing angle.
We continue with a study of the scale dependence of the remaining low-energy parameters.
First we identify all scale-dependent terms in (16, 18) 
Such terms define the running of the low-energy parameters b i as follows
For the symmetry breaking parameters c i we observe an interesting phenomenon. The scale invariance of the corresponding loop structures can be achieved only, if specific correlations on the symmetry conserving low-energy parameters g i are imposed. This is seen as follows.
A priori all scale dependent terms can be balanced only if we activate the N 2 LO and N 3 LO counter terms in (12) . We find From (26) we conclude that the hadrogenesis Lagrangian is renormalizeable only if the following two sum rules
hold at leading order in the power counting scheme. In fact, we observe that once we insist on those two relations the leading order parameters c 1 and c 2 remain scale invariant.
In Fig. 1 we further scrutinize the numerical implications of our approach. source of this effect is readily traced. It is a consequence of improperly approximated phases space factors p 2 QR using the replacement M V,R,T → M . This is a phenomenon known already from χPT studies of baryon masses [48, 51, 52 ]. An efficient remedy is the use of physical masses in the loop function [48, [51] [52] [53] . The immediate concern is acknowledged: can any such scheme be scale invariant? In recent works [52, 53] a method was suggested that indeed leads to scale invariant results.
In the following we will adapt the formalism [52, 53] to our case at hand. In a first step we renormalize away all vector meson tadpole contributions with
where the residual objectsĪ QR ,Ī R T andĪ QP are scale invariant by construction. We emphasize that a subtraction scheme for the loop functions if performed at the level of the Passarino Veltman functions is symmetry conserving [48, 51, 54] . As long as there is an unambiguous prescription how to represent all one-loop functions in terms of the Passarino Veltman functions we do not expect any violation of chiral Ward identities. In a second step we need to set up a power counting for physical masses. The crucial relations
are to be applied to all scale dependent terms. With (28) and (29) we obtain the result
We note that there are three terms left only that come with a scale dependence in (30) . A simplification arises in the infinite volume limit with m
Q . The term proportional toĪ (2) Q in (30) is canceled identically by corresponding terms in (16) if for the coupling constants g 1−5 our sum rules (27) are imposed. We consider the terms proportional toĪ Q orĪ P in (30) . Their scale dependence can be balanced with
where we point at the factor changes in (31) as compared to (25) . With b r i we denote the lowenergy parameters that result in the scheme where the Passarino Veltman subtractions (28) are imposed. It is noted that, at first, such counter terms cancel the scale dependence only if the meson masses m P and m Q in (30) are replaced by their leading order representation as given by the Gell-Mann-Oakes-Renner relations. In addition the replacement M V → M χ is needed. However, following the previous work [52, 53] we may recast the relevant quark mass terms in (13) into structures proportional to m 
with the scale dependence ofb 1 andb 3 being determined by either h 2 or h 1 . We assure that with the rewrite of Tab. III our vector meson polarization tensors as implied by (30) are scale invariant strictly.
We wish to introduce yet a further additional subtraction for later convenience. With
we avoid any renormalization of the chiral limit mass value of the vector mesons. All low-energy parameters that result in the scheme where the Passarino Veltman subtractions Before providing a first numerical scenario for the set of low-energy constants it should be mentioned that in the proposed scheme, where physical masses are used throughout all loop function, the ω − φ mixing angle turns energy dependent necessarily. We deal with this situation by using two distinct mixing angles ω and φ which are introduced at the ω and φ masses respectively. The mixing angles are then determined by the request that the transition polarization tensor
as computed in the prime basis vanishes at the ω meson and the φ meson masses. These conditions determine the two mixing angle ω and φ in a self consistent manner. The arsing pattern for the mixing angles is anticipated with Fig. 3 . In order to keep the scale invariance of our approach we need to recast the tree-level contribution into the following form
We emphasize that the tree-level and loop contributions to the mixing function Π ω φ (s)
are evaluated with respect to the ω and φ fields. This is readily achieved in terms of the Clebsch coefficients in Tab 
as determined from the decay φ → π 0 γ in [6] arises. The parameters c r 2 = 0 is put to zero initially. Its determination requires further empirical input, like it may be provided from QCD lattice simulations of the vector meson masses at non-physical quark masses. Note that the effect of M χ and c r 2 on the vector meson masses can be discriminated only if data at various choices of the quark masses are considered. We point out that our estimate for three-point coupling strength h 2 needs to be renormalized with h 2 (2.33 ± 0.03)/ cos ω ,
since its previous estimate rests on the decay process ω → ρ π analyzed in the absence of mixing effects [11, 12] .
In Fig. 3 we present our result for the mixing angle ω as it results from a fit to the physical masses as described above. We observe a significant energy-dependence of the loopcontribution to Π loop ωφ , in line with the conclusions from previous works [18, 21] . However, we would argue that a proper treatment of the ω − φ mixing phenomenon requires a two mixing angle scenario: while the mixing angle may be as small as = φ = ± 0.058 at the φ meson mass, at the ω meson mass the mixing angle = ω is an order of magnitude larger.
We checked with the band widths in Fig. 3 that variations of the form −1 < c 2 < 1 do not change this spectacular pattern. It may not come as a surprise that such a large mixing phenomenon does mend the form of the loop contributions to the vector meson masses.
Indeed as shown in the right-hand plot of Fig. 2 the size of the polarization tensor for the ω meson is affected significantly as compared to the left-hand plot of the same figure that uses ω = φ = 0.
In Fig. 4 we show the result for the low-energy parameters in a given range of M χ , using physical masses. Note that these were already used in Fig. 3 . For all parameters we obtain naturally sized values.
GOLDSTONE BOSONS AT THE ONE-LOOP LEVEL
We first collect all tree-level contributions to the pseudo-scalar meson masses as implied by L
2 and L
4 . The well know expression first derived by Gasser and Leutwyler [44, 56] are obtained
At the one-loop level there are in addition tadpole-type contributions. The terms involving the tadpole of the pseudo-scalar mesons were considered already in [44, 56] . In contrast corresponding structures involving the tadpole with vector mesons are less well studied.
Altogether we find
with the tadpole functionĪ Q already recalled in (17) . in (6) , which involve a bubble loop integral. We derive their form with 
RV with P, Q ∈ [8] and V, R ∈ [9] . .
avoid any misinterpretation we provide the explict representation nevertheless
where we point at the symmetric definition of the objectĪ V R =Ī R V . The coefficients G constants. In order to establish a strict renormalization we have to decompose the low-energy constant B 0 into its power counting moments with
This implies the condition
In order to scrutinize the importance of dynamical vector meson degrees of freedom it is useful to match our results to the conventional χPT expression derived from the flavour SU(3) Lagrangian at the one-loop level. This is readily achieved by a further chiral expansion of (39, 40) where now the counting rule m Q /m V ∼ Q has to be applied. If truncated to order Q 4 the only effect of the vector mesons is a renormalization of Gasser and Leutwyler's low-energy constants. With this we find
The contributions proportional to h 2 1 have been considered in the literature before [2, 4, 5, 9, 37, 38]. Our results are consistent with the recent study [37, 38] . The effect of the coupling constant h 2 is typically not considered in resonance saturation approaches to Gasser and Leutwyler's low-energy constants [2, 4, 5, 40] . In particular its contribution to B 0 and 2 L 8 − L 5 is sizable, a factor 10-30 larger than the corresponding terms proportional to h 2 1 . Again it is convenient to explore the size of the loop effects at the particular renormalization scale µ = M . In this case we obtain
a huge correction term primarily caused by the h 2 term. In contrast to our findings in the vector meson sector we observe a significant size of the loop correction that poses a challenge to the dimensional counting rules.
Note however that the result (22) is not unexpected since the typical ratio
is probed in (44) , which is of order one numerically in any case. While for sufficiently large values of N c we have Λ χ ≥ Λ HG by assumption this is not the case for the physical choice with N c = 3 and Λ χ 1 GeV. In turn all terms proportional to (M/Λ χ ) n need to be summed in our approach. This is the target of the following development.
We wish to identify renormalized low-energy parameters l ren which have a decomposition of the following form
and therefore justify the application of the dimensional counting rules. While for sufficiently large N c the renormalized coupling constants can be conveniently matched to the parameters of the hadrogenesis Lagrangian in perturbation theory, at N c = 3 a suitable summation scheme is required. Such a scheme is readily devised by exploiting the simple observation:
is consistent with the dimensional counting rule the hadrogenesis Lagrangian is based on.
Note that the second factor in (48) arises naturally if a loop contribution involving vector mesons is expanded in powers of the quark masses. We conclude that if we absorb any terms proportional to powers of the ratio M/Λ χ into the low-energy parameters of the chiral Lagrangian then necessarily the particular combination (48) arises. For instance in the chiral domain it followed for the accordingly renormalized loop contribution
for sufficiently small quark masses. All non-perturbative effects in M/Λ χ are moved into the renormalized low-energy parameters. The important observation is that there is no need to actually perform the infinite summation explicitly. Since such a summation should be performed in accordance with the symmetries of the hadrogenesis Lagrangian the generic structure of the result must resemble the generic structure of a perturbative computation at Λ χ ≥ Λ HG . Thus it suffices to express the bare coupling constants in terms of the renormalized coupling constants order by order in perturbation theory. Technically it is more economical to devise a suitable subtraction scheme for the loop functions involving vector mesons [48, 51, 54] . If performed at the level of the Passarino Veltman functions such a renormalization scheme is symmetry conserving not violating any chiral Ward identities.
We introduce the following subtraction rules
where all low-energy parameters within the renormalization scheme (50) receive an upper index r as to discriminate them from the bare parameters used initially. Indeed in (39) and (40) 
in terms of physical masses. Note that this result was derived already in [53] . We assure that with (51) and the replacements provided in Tab. IV scale invariant results for the pion, kaon and eta meson masses are obtained.
The subtraction scheme implies in particular that there remains no explicit dependence on any of the unknown low-energy parameters g n . Moreover a modification for the expression for the renormalized low-energy constants with
is observed. We note that the large contribution proportional to h conventional low-energy parameters of Gasser and Leutwyler, which we denote here byL i ?
The required relations are provided with
We affirm that the scale dependence of the parameters,L i , resembles the one of the conventional χPT approach without dynamical vector mesons, i.e. the formulae in (43) taken at
It is instructive to compare our result to the well established one-loop expression of χPT in the absence of dynamical vector mesons. The corresponding expressions for the pion, kaon and eta meson masses can readily be recognized in (38) and (39). We illustrate the 
in terms of the Gell-Mann Oakes Renner relation for the pion mass and the latest quark mass ratio from the PDG [55] . Since we are after the typical size of loop effects the contributions from the renormalized tree-level parameters are switched off with L r i = 0. Like for our vector-meson mass study we consider two cases both using f r = 90 MeV. In Fig. 5 we show the ratios Π P /m In all cases we find a significant effect from the vector-meson loop contributions. It is pointed out that such effects cannot be simply absorbed into the low-energy constants L r i as was worked out with (52) . At the particular choice µ = M χ the vector meson loop contributions renormalize exclusively the particular combination
for which we provide its numerical estimate. With this one may have expected ∆L 
Decay constants of the Goldstone bosons at the one-loop level
We close this work with a study of the one-loop contributions to the decay constants f P of a Goldstone bosons of type P . According to [44] the conventional approach leads to the following expressions
with the tadpole integrals as given in (39) . Before providing the additional contributions that arise from the presence of dynamical vector mesons we further illuminate our scheme formulated in terms of physical masses. Within the conventional χPT approach the pion, kaon and η meson masses that enter the tadpole integralsĪ Q in (56) need to be approximated by the leading order expressions, i.e. m 2 π → 2 m B 0 etc. If done so the expressions for the decay constants will not depend on the renormalization scale µ. However, it would clearly be instrumental if we could keep the physical masses inside the loops without giving up on the rigor of conventional χPT. An initial attempt where one simply kept the tadpole terms with physical masses suffers from an uncontrolled scale dependence of the resulting expressions for the decay constants. Is it possible to identify the higher order terms that would again lead to scale invariance? Such terms should be determined by a renormalization group equation. Indeed it is possible to construct such terms unambiguously. All what is needed is to reinterpret the quark mass terms in (56) by suitable combinations of the pion, kaon and η meson masses as indicated by the replacement rules in (56) . We assure that with the later the physical masses in the tadpole terms can be used without being punished by a scale dependence in the decay constants.
We turn now to the contributions from dynamical vector meson degree of freedom. Like for the vector meson masses such terms will renormalize the chiral limit value of f P away from the parameter f . Altogether, for the decay constants we find consequence of (50) the low-energy parameter f r is not renormalized by loop effects. This implies
in the chiral domain with the quark masses approaching the chiral limit. We note that there is no explicit dependence left on any of the unknown low-energy parameters g n . Moreover, We are now prepared to illustrate the role of vector meson loop contributions in the decay constants of the Goldstone bosons. In Fig. 7 and Fig. 8 we plot the normalized ratio 
As is clearly shown by Fig. 7 and Fig. 8 we are far from such a situation. Thus we conclude it is important to consider dynamical vector meson degrees of freedom in an chiral extrapolation attempt of meson masses in QCD.
SUMMARY AND OUTLOOK
In this work we scrutinized the hadrogenesis Lagrangian, a chiral SU (3) interaction with explicit vector meson degrees of freedom in the tensor field representation. Based on the leading order interaction the one-loop contributions to the vector meson masses was computed in application of dimensional counting rules. We found that 6 parameters from the original version of the Lagrangian need to be moved to higher order as to arrive at a consistent renormalization program. This is an important finding since this further increases the predictive power of the hadrogenesis Lagrangian. 
